Objective: To analyse the trends and factors associated with anaemia in 6-to 59-month-old children in Northeast Brazil. Design: Cross-sectional study assessed information from the second and third Pernambuco State Health and Nutrition Surveys carried out in 1997 and 2006. A multiple regression analysis was performed from a conceptual model addressing biological and socio-economic factors, housing and sanitation conditions, maternal factors, health care and nutrition, consumption, morbidity and nutritional status. Poisson's regression with robust variance was used. Setting: Pernambuco, Brazil. Subjects: A total of 777 and 993 children, respectively, in the second and third Pernambuco State Health and Nutrition Surveys. Results: The prevalence of anaemia (Hb , 11 g/dl) decreased by 19?3 % (40?9 % down to 33?0 %) between surveys. Maternal education level (less than 8 years in school), households ranked in the lowest environmental index tertile and children between 6 and 23 months of age were the variables common to the final models in the surveys of 1997 and 2006. Elements like living in rural areas, household income less than two minimum official wages and low birth weight were still present in the final model of the 1997 survey. Households ranked in the lowest economic index tertile were associated with anaemia in the model of the 2006 survey. Conclusions: The study results are quite encouraging from the perspective of reducing the prevalence of anaemia. Maternal education level, environmental conditions and child age were determinant factors in both surveys, and economic factors were determinant in 2006.
The high prevalence of anaemia, estimated at 47?4 % in children under 5 years of age and 30?2 % in women of reproductive age during the period 1993-2005, has not changed worldwide due to the difficulties of coping with and controlling this deficiency (1) . In children, anaemia is often associated with low Fe concentration in the diet and with the rapid growth that occurs during the first year of life, also contributing to the insidious consequences that will affect the child's physical and cognitive development and will end up impacting the adult individual's performance at work (1) (2) (3) . The control of anaemia in children is linked to multiple cross-interacting and determining factors of biological, health, nutrition, socio-economic and environmental nature that contribute directly or indirectly to its occurrence.
Very few studies make use of representative population samples and therefore can neither evolve in the analysis of anaemia risk determinants nor contribute to the planning of effective measures for their control (4) (5) (6) . The WHO has recommended that population-based studies be developed to investigate the health and nutritional status of populations and that, among the study objectives, investigation of the prevalence and determinants of anaemia be included as a way of evaluating and supporting new government actions (1) . The health and nutritional status of a population is dynamic and involves matters related to socio-economic development, strategies for improving the health and education conditions of the people and environmental changes. Epidemiological surveys carried out in Brazil have shown a decline in the prevalence of height deficit in children, especially in the 1980s and 1990s (7) . However, the development of epidemiological surveys conducted at regular time intervals to allow the statistical expression of the trends in anaemia is not a reality in all regions of the country. Therefore, it is of utmost importance that the country develops representative population studies to analyse the trends as far as anaemia is concerned, to promote greater understanding of the problem and its associated factors.
The State of Pernambuco, Northeast Brazil, has conducted surveys enabling one to learn about epidemiological trends in the health and nutritional status of the population of children under 5 years of age. Among these surveys, the second State Health and Nutrition Survey (II PESN/PE, 1997) and the third State Health and Nutrition Survey (III PESN/PE, 2006) collected detailed and specific information on anaemia. The present study aimed to analyse the temporal trends and factors associated with anaemia in children aged 6 to 59 months in the State of Pernambuco based in the epidemiological surveys of 1997 and 2006. The sampling procedure for both surveys was conducted in three stages. In the first stage, eighteen of the 185 municipalities were selected by means of a systematic drawing process, proportional to the population size of each municipality. In the second stage, out of the previously selected municipalities, forty-five census sectors of II PESN/PE (1997) and thirty-nine census sectors of III PESN/PE (2006) were drawn in a randomly systematic fashion, ensuring the representativeness of the geographical areas of the state. Finally, in each census sector, a point at the end of the parcel facing the east was randomly selected, and from this point the houses where children under 5 years of age lived were identified.
Materials and methods
The sample size calculation of II PESN/PE used an error rate of 3?4 % and an estimated anaemia prevalence rate of 36 % (2) for the State of Pernambuco, with a 95 % confidence level for the total population of children under 5 years of age in the State. For the purpose of the sample size calculation of III PESN/PE, an anaemia prevalence rate of 40 % (8) , an error rate of 3?1 % and a 95 % confidence level were used. In both surveys, an additional 10 % rate was considered to offset any losses, resulting in representative samples of 777 and 993 children, respectively, in II PESN/PE and III PESN/PE.
Data collection was conducted in interviews with mothers or guardians, using forms to record identification details of the household, socio-economic factors, child characteristics, maternal history of pregnancy and childbirth, child history of morbidity, as well as anthropometric records and clinical and laboratory-related records of the children.
The anthropometric assessment consisted of two height w?>and weight measurements performed by different researchers, and the average of these two measurements was recorded in accordance with WHO recommendations (9) . These measurements were repeated when the two weight measurements differed by more than 100 g and the height measurements differed by more than 1 cm. A 150 kg digital scale with an accuracy of 100 g was used (model MEA-032000; Plenna, São Paulo, Brazil). The children were weighed barefoot and in minimal clothing, but children under 2 years of age were weighed in the arms of the mother or guardian and their weight was calculated by subtracting the weight of the adult from the total weight.
The height of children under 2 years of age was measured with an infantometer (model Rollametre by Raven; CMS Weighing Equipment Ltd, London, UK) with a total range of 100 cm, graduated in intervals of 0?1 cm, with the child in the supine position. For children over 2 years of age, a portable stadiometer (model Stadiometer Alturexata; Alturexata, Belo Horizonte, Brazil) was used. It was made of a removable wooden column with bilateral scale and a usable field going from 35 cm to 213 cm, graduated in intervals of 0?1 cm. The children were measured in the standing position, barefoot, with the upper limbs down along the body and their heels, back and head touching the wooden column.
Hb was tested in children aged 6 to 59 months with a HemoCue portable Hb analyser (HemoCue Limited, Sheffield, UK). Anaemia was diagnosed if Hb , 11 g/dl (1) . Socio-economic factors were analysed by considering the following variables: geographical area, income (formal and informal work), literacy level, education and maternal paid work. Housing characteristics and the possession of consumer goods were determined by indices adapted from the study by Oliveira et al. (10) . The environmental index was estimated by variables such as: type of housing, possession of housing, type of wall, floor and roof, number of rooms, number of persons in the household, water supply, treatment of drinking water, type of sewage and garbage disposal. Unfavourable situations were assigned a value of 0 and favourable situations were assigned a value of 1. The sum of these values, categorized into tertiles, characterized the environmental condition of the households. The economic index was established based on the availability of electric power, television set, radio set, refrigerator and stove. The inexistence of consumer goods was assigned a value of 0, and a value of 1 in the presence of these goods in the household. The sum of these values, categorized into tertiles, indicated the availability of goods in the household. Higher tertiles correspond to either more favourable environmental conditions or better availability of goods.
Biological characterization was based on the child's age and gender. Maternal age was analysed as a feature of the mother. Health care, nutrition and infant feeding were analysed according to the following variables: having had prenatal care, number of prenatal visits and duration of breast-feeding. Morbidity was analysed based on the presence of diarrhoea over the previous 15 d. Nutritional status was analysed according to the following variables: birth weight, height/age indicator and weight/age indicator.
Regarding weight and height measurements, reference standard curves were used to assess the nutritional status of the children under 5 years of age (9) . The anthropometric assessment was performed using the Anthro software program version 3?01 (2009; WHO, Geneva, Switzerland) according to the following criteria. For the weight/age indicator: Z-score ,22 indicates low or very low weight; Z-score $22 indicates appropriate or eutrophic weight; and for the height/age indicator: Z-score ,22 indicates low height; Z-score $22 indicates appropriate height.
A bivariate analysis was conducted for each survey, using Poisson's simple regression. The variables statistically associated with anaemia at P , 0?20 were selected to compose the multiple regression models.
A multiple regression analysis was done from a hierarchical conceptual anaemia model based on Osório et al. (3) (Fig. 1) . The model consisted of five hierarchical levels to determine anaemia, distributed from the distal block to the proximal block, in the following order: level 1 5 socio-economic factors; level 2 5 housing characteristics and possession of consumer goods; level 3 5 maternal factors; level 4 5 health care and nutrition; level 5 5 nutritional status and morbidity. Some variables associated with anaemia were not used in the models, as they contained similar information.
Poisson's regression with robust variance was used to investigate the influence of the explanatory variables on the prevalence of anaemia (11) . The backward method was used. The child's age was entered and maintained in the model as a control variable. The variables of the first hierarchical level were analysed together and the variables with significance P $ 0?20 were progressively discarded. Then, the second hierarchical level variables were added to the model and the same procedure was adopted, and the variables at this level with P $ 0?20 were progressively discarded. Thus, all hierarchical levels were analysed. At the end of the models for the surveys of 1997 and 2006, variables with P , 0?05 were considered significant. Variables with P , 0?20 were retained in the models at each hierarchical level.
The statistical significance was determined by the Wald test for heterogeneity and linear trend for ordinal variables, including estimates of the adjusted prevalence ratios and respective 95 % confidence intervals.
Regarding the surveys of 1997 and 2006, the following variables joined the regression models: child's age; level 1 5 geographical area, family income, maternal education and maternal paid work; level 2 5 environmental index and economic index; level 3 5 maternal age; level 4 5 number of prenatal visits; level 5 5 diarrhoea and height/age indicator. Birth weight was part of the model in the 1997 survey.
The temporal trend of anaemia in the State of Pernambuco was also analysed according to the distribution of Hb by geographical area, and according to the child's age in the surveys of 1997 and 2006. In order to check the variation in Hb concentration between the two surveys, average equality tests (ANOVA) were used.
Data % in the urban and rural areas, respectively; with a significant difference between these areas (P , 0?001 (8) ; Fig. 2) . The average Hb concentration in Pernambuco in the surveys of 1997 and 2006 was 10?9 (SD 1?6) g/dl and 11?4 (SD 1?3) g/dl, respectively; an increase was observed in the average Hb concentration of 0?5 g/dl between the two surveys. In the Hb concentration distribution by geographical area, there was a left-shifting tendency in the curve of 1997. The Hb concentration averages in urban areas were 11?1 (SD 1?5) g/dl and 11?5 (SD 1?3) g/dl in 1997 and 2006, respectively, and in rural areas they were 10?6 (SD 1?6) g/dl in 1997 and 11?2 (SD 1?3) g/dl in 2006. The greatest increase in Hb concentration occurred in the rural areas (0?6 g/dl). In both surveys, Hb concentration averages between urban and between rural areas were statistically significant (P , 0?001; Fig. 3 ).
In the same period, Hb concentration averages increased by 0?4 g/dl and 0?3 g/dl in the age ranges 6 to 23 months and 24 to 59 months, respectively. The Hb concentration curves in relation to the child's age showed a positive trend in both groups during the surveys of 1997 and 2006, but more so in the 6 to 23 months age range (Fig. 4) . The curves by age at 2 years showed statistically different Hb concentration averages (P , 0?0 0 1). In the children aged The variables that remained significant in the final multiple regression model in the 1997 survey were: child's age; level 1 5 geographical area of residence, family income and maternal education; level 2 5 environmental index; and level 5 5 weight birth, adjusted by economic index and age of the mother. In the 2006 survey, the variables that showed statistical significance in the final multiple regression model were: child's age; level 1 5 maternal education; level 2 5 environmental index and economic to 67?6 % in Africa, over the period [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] , showing that anaemia is a problem of global nature (1) . In addition to the survey in Pernambuco, other studies conducted in Brazil (2, 12) have shown prevalence rates of anaemia above the 29?3 % value estimated by WHO for the Americas (1) . Prevalence rates above 40 % in the country, mainly in children under 2 years of age in rural areas (2, 8) , match what WHO states regarding Brazil being among the countries where anaemia is deemed a serious public health problem (1) . In other Brazilian states, specifically in the city of São Paulo and in the State of Paraiba, prevalence rates of anaemia in children grew substantially, with marked growth in the 1990s compared with the previous decade: 31?7 % and 88?5 %, respectively (2, 13) . However, the present study demonstrated a decreasing trend of this problem in the State of Pernambuco.
In the geographical areas in 2006, the prevalence of anaemia showed a similar trend to that of the State; unlike the scenario in 1997, in which the rural areas had significantly higher prevalence rates than the inner city and the metropolitan area of Recife (8) . Such a similarity in prevalence rates is explained by the remarkable decline in anaemia in the rural areas, thus representing a significant reduction when compared with the urban areas (8) . This reality leads to a more uniform distribution of anaemia among the rural and urban areas of the State, as shown by the loss of significance of geographical area in the regression model of the 2006 survey.
Despite the observed increase in average Hb concentrations between the surveys in 1997 and 2006, age remained as one of the main explanatory variables, reinforcing its relevance in the occurrence of anaemia and corroborating the results of other studies (5, 12) . Lower Hb averages in children under 24 months of age are related to the physiological characteristics of rapid growth and the consequent need for increased Fe intake. The influence of other determinants has also been described, such as the type of cow's milk and derived products-based diet offered to the child (14, 15) . In the process of multiple regression analysis, among the factors included in the most distal level of the anaemia hierarchical conceptual model, maternal education was still present in the final regression models in the surveys of 1997 and 2006. The association between higher maternal education and lower prevalence of anaemia is related to the realization that maternal education enables mothers' empowerment regarding health information and care for their children (5, 16) . Between the 1997 and 2006 surveys, there was an increase in the percentage of families with income less than two minimum official wages (44?5 % in 1997, 69?8 % in 2006) even though that threshold increased from about $US 222 in 1997 to $US 318 in 2006. It was found that low family income represented a risk for anaemia in the 1997 survey, which was not shown in 2006. This result explains the failure of using family income as separate information to determine socio-economic conditions (6, 17) , due to the fact that most families have some kind of informal income, coming from either informal activities or social benefits provided by the government.
Thus, consumer goods -intermediate-level factors in the model that determines anaemia -seem to better explain families' economic situation as part of a context of quality of life that translates into higher socio-economic level. This behaviour expresses the change in the determinants of anaemia among children in the State of Pernambuco over the past decade, in which incomean explanatory factor for anaemia in 1997 -is replaced by the economic index in 2006.
Also in relation to the intermediate levels for determining anaemia, as far as housing and sanitation conditions are concerned, the situation in the State remained the same, with the environmental index being significant in the regression models of the surveys of 1997 and 2006. The contribution of housing and sanitation conditions in determining anaemia is an expected factor in places where poor conditions are found, further predisposing children to infectious and parasitic diseases that, on their own, also contribute to the presence of nutritional deficiencies (1) . At the proximal level of the conceptual model, low birth weight was significantly associated with anaemia in the final model of the 1997 survey. The prevalence of low birth weight was 8?3 % in 1997 and 8?6 % in 2006. Low birth weight predisposes to a reduction in the Fe reserves of newborns and the subsequent need for early supplementation, concomitant with a diet richer in this mineral (18, 19) . In the 2006 survey, birth weight lost its significance in the final model.
As per the explanatory models for the surveys of 1997 and 2006, out of the variables that remained in the final regression models, only three were similar: child's age, maternal education and environmental index.
Measures adopted by the Ministry of Health since 2002, such as the fortification of wheat flour and maize, and the National Iron Supplementation Program from 2005 may have contributed to the reduction in the prevalence of anaemia in the 2006 survey. Considering that the present study is the first population-based one to show a declining trend of anaemia in Brazil, more temporal trend studies will be necessary to provide broader discussions on this subject.
The study results are quite encouraging from the perspective of reducing the prevalence of anaemia in children under 5 years of age, something that has not been found in the Brazilian states in the past decade (2, 13) . However, this situation should be seen with caution by governments, given that the prevalence of anaemia is still a serious public health problem in the State of Pernambuco.
The importance of maintaining government programmes to prevent anaemia, as implemented by the Brazilian Ministry of Health earlier during this decade, can never be emphasized too much. However, the set of determinants points to a scenario in which broader measures -ones that may ensure access to education, employment, basic sanitation, safe water to drink, consumer goods, improvement in living conditions, availability of health services and access to good quality and safe foodshould also be among the government's priority actions.
